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§17. ECH Power Modulation Experiments in 
LHD 
Kubo, S., Shimozuma, T., Idei, H., Yoshimura, Y, 
Notake, T., Ohkubo, K., Inagaki, S., Nagayama, Y 
The fundamental and second harmonic ECH have 
been used as a main plasma production and electron 
heating method in the LHD. Recently, the high cen-
tral electron temperature, TeO' of more than 10 keY is 
achieved by concentrating almost all the power in the 
central region near the axis within (p rv 0.2). The aver-
aged electron density region was up to rv 0.6 X 1019 m- 3 
when TeO reached 10 keY. The sharp temperature gra-
dient is normally observed in those high temperature 
plasma. These are closely related to the sharp power 
deposition profile and the change in the local confine-
ment in the plasma. The conditions of the magnetic 
configuration, the field strength and the focal points are 
the essential factors to get a required power deposition 
profile. To understand the heat transport properties in 
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Figure 1: Figure 1: Equi-electron temperature contour 
measured by 32 channel ECE radiometer. The focal 
point is set at a) 3.55 and b) 3.40 m. The other injection 
conditions are kept constant. 
such high temperature, low density region, it is of much 
importance to know the power deposition profile, in par-
ticular, the structure of the power deposition profiles in 
the central region. The modulation experiments with 
these motivatoins are performed at the averaged elec-
tron density of 1.0 x 1019 m- 3 with flat profile. The 
electron temperature of parabolic profile and TeO ~ 2 
ke V is maintained by NBI. The fundamental resonance 
heating power of 255 kW at the 82.7 GHz is applied from 
t = 1.02 to 1.42 s with the 100%, 50 Hz square wave 
power modulation at the latter 300 ms of the pulse. In 
Fig.1 are shown the contour plot of the response of elec-
tron temperature measured by ECE radiometer. Here, 
the cases of Rfoc = 3.55 m and 3.4 m are shown in a) 
and b), respectively. 
In the case of Rfoc = 3.55 m of the fundamental heat-
ing, the central part of the electron temperature shows 
the fast response to the modulation, while it shows al-
most no response in the case of Rfoc = 3.40 m. It is 
clearly seen that the region where the electron temper-
ature show the fast response is center localized within 
p=0.2 in case of Rfoc = 3.55 m. In case of Rfoc = 
3.40 m, the fast response is seen in the region from p 
= 0.2 to 0.6. The boxcar technique is applied for ±3 
ms data points at every turn on and off timings [1 ,2] 
to deduce the first order power deposition profile. Both 
the deduced and the calculated power deposition pro-
file show relatively good agrrement and peak positions 
change correspondingly as the focal point is varied, al-
though the peak positions for both are shifted about 0.1 
in averaged radius. This shift might be interpreted by 
the shift of the magnetic axis, since the axis shift due to 
the finite beta is not included in the ray tracing code. 
The limit of applying boxcar analysis is that the data 
points to analyze should be restricted within the time 
window where the adiabatic condition is satisfied. It 
is also reported that total modulated power apt to be 
lower than the experimentally modulated one [4]. In or-
der to clarify this point and more over to deduce electron 
thermal diffusivity and its dynamic response to the local 
plasma parameters, a time dependent one dimensional 
electron transport code has been developed. This code 
solves time dependent diffusion equation with the de-
pendence of the electron thermal diffusion coefficient on 
radius, p, local temperature, Te(P, t) and the local tem-
perature gradient, aT~~,t) included. The preliminary 
results show that the thermal diffusivity ranges below 
1 m2 /s in both cases near the axis and that including 
somewhat negative dependence of the diffusivity on the 
temperature gradient is necessary to reproduce both on 
axis and off axis cases. 
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